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INTRODUCTION 
The electro-acoustic monitoring of hearing aids has long 
been considered of importance in achieving maximum benefits 
from amplification. There are several reasons for the impor-
tance attached to this procedure. First, the initial choice 
of amplification may be largely determined by such dimensions 
as gain, frequency response and maximum output of the aid, all 
electro-acoustic measures. Second, electro-acoustic evalua-
tion of new aids enables the hearing aid dealer or clinic to 
determine whether the aid meets the manufacturer's specifica-
tions. Third, routine electro-acoustic testing of aids will 
reveal defects which have gone unnoticed. Many times those 
checking an aid by listening to it have normal hearing and 
are not likely to turn the gain on the hearing aid up to the 
point where the hearing-impaired person uses it. Therefore, 
problems that oc~ur at high intensity levels will not be de-
tected by listening alone. Fourth, communication with repair 
facilities should be enhanced when the user has the results 
of electro-acoustic evaluations to send along with the defec-
tive aid. Finally, the repaired aid may be rechecked upon 
the completion of the repairs to determine whether they have 
been properly made. 
Several companies manufacture ~quipment which may be 
used to evaluate hearing aids. Among them are Bruel and 
Kjaer, popularly known as B&K, and Frye Electronics, which 
has recently (1973) entered this market. 
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Since B&K is considered the standard for the industry 
and the Frye Electronics product is new, there is some inter-
est in comparing the results achieved in testing the same 
hearing aids with the two different systems. 
PURPOSE 
The purpose of this study is to compare the Fonix Type 
5000 Hearing Aid Test Set to the B&K system by testing the 
same hearing aids with both systems in order to determine 
whether there are any important differences between the mea-
surements obtained using the two systems. Frequency response 
has been chosen as the measure on which the comparisons will 
be made. 
METHODS AND PROCEDURES 
Eguipnent 
Experiments were conducted at the Veterans Hospital, 
Portland, Oregon. Frye Electronics equipnent was brought to 
the hospital for the investigation, while the Bruel and Kjaer 
is part of the regular equipment belonging to the Audiology 
Service of the hospital. 
Bruel and Kjaer equipment used in the experiment, as seen 
in Fig. 1, · consists of a Sine Random Generator type 1024, Mea-
suring Amplifier type 2606, Audio Frequency Spectrometer type 
2113, and a Hearing Aid Test Box type 4212. Frye Electronics 
instrumentation was a Fonix Type 5000 Hearing Aid Test Set 
consisting of an electronics module and a sound pressure cham-
ber. (See Fig. 2) 
The B&K system has a self-monitoring feedback loop to 
regulate the intensity of the signal present in the Hearing 
Aid Test Box. (This is illustrated in Fig. 1) The signal 
generated by the Sine Random Generator type 1024 is produced 
in the Test Box where it is monitored by a sensing microphone 
connected to the Measuring Amplifier 2606. · The Measuring Am-
plifier in turn controls the output of the generator to insure 
a steady accurate signal. When the hearing aid is placed in 
the Hearing Aid Test Box, its output is shown on the Audio 
Frequency Spectrometer, type 2113. 
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Figure 1. Bruel and Kjaer System for testing hearing aids. 
Self-monitoring feedback loop illustrated. 
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Figure 2. Fonix Hearing Aid Test Set Type 5000. 
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The Fonix Type 5000 does not have this continuous moni-
toring system. Instead, the signal is generated by the elec-
tronics module and produced in the sound chamber. Output from 
the hearing aid is read out digitally at the electronics mo-
d:ule. 
Both the B&K and the Fonix employ 2cc couplers which 
serve as artificial ears. Microphones used in the B&K system 
are type 4144, one inch diameter pressure microphones. The 
microphone used in the Fonix Test Set is the 1/2 inch Sony 
ECM-16, electret condenser microphone modified by Frye Elec-
tronics to meet the specifications of the Hearing Aid Test 
Set. (Operator's Manual , 1974.) See Table 1 for a summary 
of comparisons. 
B&K 
1. 1 inch pressure microphone 
2. 2cc coupler (B&K design) 
J. non-digital readout 
4. self-monitoring loop 
5. frequency range 150-5000Hz 
FONIX 
1. 1/2 inch electret microphone 
2. 2cc coupler (Frye design) 
3. digital r eadout 
4. no feedback loop 
5. frequency range 315-4000Hz 
Table 1. Comparison of some features of B&K and Fonix sys-
tems. 
Calibration 
The two B&K microphones were calibrated immediately be-
fore the experiment and after completion of· the tests with 
the B&K Pistonphone Type 4220. The Pistonphone produces a 
sound pressure level (SPL) of 124dB at 250 Hz. The output 
of the regulating microphone was registered on the Measuring 
Amplifier while the output of the test microphone registered 
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on the Audio Frequency Spectrometer. In both cases the out-
put was sholfll to be within .5dB of the output of the Piston-
phone. The Fonix microphone also was calibrated with the 
same B&K Pistonphone. Measurement accuracy was within 1dB 
on this instrument. 
Frequency calibration of the B&K was done according to 
the instructions in Instructions and Applications, Sine Ran-
dom Generator (1969 ). In addition, the Hewlett-Packard 5326, 
timer-counter was used to determine the accuracy of the indi-
cated frequencies calibrated, .315, .5,1.0, 2, and 4kHz. 
All readings were within 1 percent of indicated frequency. 
No frequency calibration was done on the Fonix 5000. It 
arrived direct from the factory with a claimed accuracy with-
in 3 percent. At the end of the experiment, the manufacturer 
again checked the instrument and attested to its frequency 
calibration. 
Relative calibration of the Fonix system was accomplished 
1n accordance with the directions in the Operator's Manual 
(19?4) by placing the microphone within the sound chamber at 
the test point and setting the input signal at 90dB SPL. The 
digital readout at the electronics module was within 2dB of 
90dB, consistent with the manufacturer's tolerances. This 
procedure was carried out each day during the experiment. The 
rollowing is typical of the readings that were taken. 
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Freg, dB Freg, dB 
.315 89 1.6 89 
.5 89 2.0 91 
.7 90 2.5 91 
.9 90 ).15 91 
1,0 89 4,0 91 
1.25 89 
Table 2. Typical calibration readings on Fonix testor, 90dB 
source indicated. 
At no time did the tester indicate readings that were 
more than 2dB different from 90d.B at any frequency . 
Experiment 
Hearing aids are usually evaluated for their gain, fre-
quency response, and harmonic distortion. For the purpose of 
this study , frequency response as defined by ANSI standard 
5.5, 1960, was chosed as the measure by which comparisons 
would be made. (Since the Fonix tester does not test frequen-
cies below .315 kHz, it was not possible to test to .200 kHz 
as called for in the standard.) The gain control on each aid 
was adjusted until an output of 100dB SPL was produced at 
1000 Hz with an input signal of 60dB, Although the ANSI stan-
dards tolerate a 2dB of the 100dB output, the gain control 
was adjusted to within ld.B and, in most cases to within .5dB 
of the target amplitude when the B&K equipment was used. A 
digital read out of lOOd.B was produced on the Fonix ·equipment 
in the same manner. It should be noted, however, that with 
some low gain aids it was not possible to produce 100d.B SPL 
in the coupler with a 60dB input wit~ either system. In these 
eases readings were taken with the gain control full-on. 
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All hearing aids used in the experiment were new aids 
from the Veteran's Administration stocks. Eleven over the 
ear, nine body, and nine eyeglass aids were tested. In a few 
cases two units of a single model were tested, but a wide var-
iety of makes and models was represented in the sample. It 
should be noted also that body aids with tone control were ad-
justed to a flat response. 
All aids were tested with both systems. The order of 
testing was randomized. Number 12 tubing , .8" in length, .082 11 
in diameter, and .020" in wall thickness, was employed in test-
ing ear level aids. An adaptor attached the tubing to the 
coupler. Longer tubing (li 11 ) was used in testing the eye-
glass aids. A special B&K accessory which made the adaptor 
unnecessary was employed in testing eye-glass aids with the 
B&K system. All batteries were tested before us.e. 
A figure showing the position of the controls on the B&K 
equipment as used during this experiment is found in Appendix 
A. The instrumentation was adjusted according to the proce-
dures 1n Instructions and Applications, Hearing Aid Test Box 
Type 4212, (1969). Fonix equipment was adjusted according to 
the procedures outlined in the Operator's Manual, (1974). 
RESULTS 
Perhaps the first question that should be answered in 
examining the data gathered in this experiment is a simple 
one. \ihat is the average difference, in decibels, between 
the readings obtained with the B&K and the Fonix systems? 
According to frequency, without regard to the direction of 
the difference, the following differences were found. 
kHz 
-:315 
.5 
.7 
.9 
1.25 
2.0 
2.5 
3.15 
4.0 
dB 
2:33 
1.93 
1.2) 
1.07 
.83 
1.86 
1.60 
1.63 
2.40 
Table J. Mean differences, without regard to direction of 
deviation, between Fonix measurements and B&K measurements. 
(Raw scores are expressed in Appendix B.) 
Figure J and Table 4 give the results when direction of 
deviation, using the B&K measurements as reference, is taken 
into account. If, for instance, there is no difference be-
tween the B&K and the Fonix readings at a given frequency for 
a given aid, a score of 0 is recorded. If the Fonix measure-
ment is one decibel higher than the B&K measurement, a +1 
score is recorded, if the Fonix measurement is 2dB lower, a 
-2 score is recorded. The mean of these scores is illustrated 
in Fig. J. Mean and standard deviations are shown in Table 4. 
clB 
1 
0 reference 
equals B&K 
measurement 
Figure J. Mean differences between output of 
thirty hearing aids as measured by B&K and 
Fonix. 
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kHz d in dB Sd in dB median 
.31.5 -.467 3.23 0 
• .5 .467 2.18 0 
.7 .033 1.61 0 
.9 • .533 1.49 0 
1.25 -.100 1.30 0 
1.6 -.467 1.77 -1. 
2.0 .933 2.36 1 
2 • .5 .933 2.21 1 
3.15 • 700 1.98 1 
4.0 .933 2. 84 2 
Table 4. Mean differences in measurements between 
Fonix and B&K when thirty hea~ing aids were evalu-
ated. B&K measurements are the reference. 
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The range of deviations for the entire 30 hearing aids is 
shown in Fig. 4. Once again B&K measurements are represented 
on the 0 line. 
From the above graphs and tables it appears that the 
greatest variability between the two sets of measurements oc-
curs at .315kHz. The range is greatest (+7 to -7dB), the 
amount of mean difference is the second greatest (2.33dB), 
and the standard deviation is largest (3.23dB) . Some possible 
reasons for this greater variability will be discussed later . 
It is interesting to note, however, that measurement differ-
ences on these hearing aids where greater variability between 
the B&K and Fonix is found at .315 kHz (aids No. J~ 4, and 11) 
do not appear at the other frequencies. 
The results illustrated in Figs. 3 and 4 and summarized 
in Table 4 indicate there is some tendency for the mean Fonix 
measurements to be higher than the B&K measurements. 
Fig.s. 5, 6 , and 7 illustrate the range of difference in 
measurements when the hearing aids are broken down into groups 
of eye-glass aids (Fig . 5), over the ear aids (Fig . 6), and 
body aids (Fig . 7). Note in Fig. 7 that the r ange of differ-
ences is considerably smaller when aid No . 20 is deleted from 
the results. A further discussion of this aid will be taken 
up later. 
Another way of looking at the data is illustrated in 
Table 5. The mean output and the standard deviation of the 
output of all the aids, by frequency, were computed separately 
for the B&K measurements and the Fonix measurements . These 
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0 reference 
equals B&K 
measurement 
Figure 4. Range of differences between output 
of thirty hearing aids as measured by B&K and 
Fonix. 
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Figure 5. Range of SPL differences between 
output of nine eye-glass hearing aids as 
measured by B&K and Fonix. 
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Figure 6. Bange of SPL differences between 
output of eleven over the ear hearing aids 
as measured by B&K and Fonix. 
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Figure 7. Range of SPL differences between 
output of ten body aids as measured by B&K 
and Fonix. 
*extended range caused by anamolous effects 
of aid No. 20, Zenith Award. 
1.5 
• 
B&K . F X -~sd X -r- sd 
tind. * kHz i n dB in dB i n dB i n dB F 
.315 80.8 7.85 80 . 3 6.99 -. 24)2 1.2629 
.5 87 .8 5.07 88 . J 4.96 . 3604 1.0475 
.7 93.1 3.40 93.2 3.64 .0367 1.1443 
.9 97.7 2.70 98 . 2 2.40 . 8095 1.2773 
1.25 99.6 4.J3 99.5 4.57 . 2115 1.0555 
1.6 99.0 5.29 98 . 5 5.37 . 3413 1.0289 
. 
2.0 100.7 3.52 101.6 4.)1 . 84JJ 1.4958 
2.5 100.6 4.01 101.5 4.48 . 8493 1.2488 
3.1.5 97 .7 6. 6.5 98.4 6 . J6 . 416) 1.0928 
4.0 87.5 8. 83 89 .1 8.25 .7.550 1.1444 
Table 5. SPL output measured by B&K and Fonix. 
Thirty hearing aids. 
*The t table value for s i gnificance was = or > 2. 000. 
The F table value for significance was = or > 1.64 . 
(Burning , J . L. , and Kintz, B. L. Computational Hand-
book of Statistics . Scott For esman and Company , 
1968. ) 
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separate measurements were then subjected to ''t" tests and 
•F" tests. No significant differences at the level of .05 
were found. 
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DISCUSSION 
The mean differences between Fonix and B&K measurements 
are less than 1dB at all frequencies when direction of devia-
tion is included in the calculation. The greatest variability 
in measurement is seen at .315 kHz where a mean difference 
(without regard to direction) of 2.33dB and a standard devia-
tion of 3.23dB are present, along with the largest range of 
differences, +7 to -?dB. A compound difficulty may be respon-
sible for this variability. Typically,, sound chamb~rs have 
less acoustical attenuation of noise at low frequencies than 
they do at medium and high frequencies (Instructions and Ap-
plication, Hearing Aid Test Box 4212, 1969). S~condly, the 
gain and thus the output of most hearing aids is less at low 
frequencies, and as a consequence, the signal to noise ratio 
is lower. Measurement accuracy is difficult. With a signal 
of 60dB and a measured output for the hearing aids that is 
often below 80dB, some variability at this frequency is not 
surprising. It is interesting to note, however, that varia-
bility at this frequency, even at comparatively low outputs, 
is not inevitable. For instance, aid No . 17 was shown by 
both evaluation systems to have an output of 73dB, while aid 
No. 8 was measured at 69dB by both the Fonix and the B&K. 
One body hearing aid, the Zenith Award, gave measure-
ments that were noticeably different in the B&K and Fonix 
19 
systems. At 1.6 kHz, the Fonix measured .5dB higher than the 
B&K; at 2 kHz, 7dB; at 2.5 kHz, 9dB; and at 3.1.5 kHz, 4dB. 
This variability was the greatest shown between the two in-
struments in measuring a single aid. Additionally, these 
measurements represented the greatest discrepancies among 
the thirty aids tested for the frequencies of 1.6, 2.0, and 
2 • .5 kHz. 
In attempting to account for these discrepancies, two 
sets of cross-checking measurements were made. The hearing 
aid was placed in the B&K box with the earphone coupled to 
the Fonix microphone and measurements taken with the Fonix 
instrumentation module . Then the hearing aid was placed in 
the Fonix sound pressure box, its earphone coupled to the 
B&K microphone, and measurements were made with the B&K in-
strumentation . Results were as follows: 
Complete Complete B&K box Fonix box 
kHz B&K system . Fonix system Fonix mic. B&K mic. 
1.6 103 108 103 104 
2.0 102 109 101 105 
2.5 104 113 104 107 
3.1.5 106 110 10.5 107 
Table 6. Cross check measurements, aid No . 20 (Zenith Award). 
From these measurements it would appear that the discrep-
ancies arose from some acoustical differenc~s in the two sound 
pressure boxes . However , since such differences do not appear 
uniformly with all aids tested, it may be assumed that this 
is an anamolous effect attributable to an interaction between 
the particular aid and the particular sound chamber in which 
20 
it is placed. 
In summary, it does not appear that measurements made 
with the Fonix instrument differ significantly from those of 
the B&K, at least in regard to frequency response. The manu-
facturer of the Fonix system does not claim tolerances as 
close as those of the B&K system. Some discrepancies are in-
evitable. The lOOdB in the coupler at 1 kHz, specified for 
frequency response measurements, is not a precise figure for 
either system. A digital system, by its very nature, cannot 
promise accuracy to less than ldB • 
. Further investigations should be undertaken to compare 
the two systems in regard to gain and ~armonic distortion 
measurements. It would appear, however, that the Fonix mea-
surements, as determined by their similarity to the B&K mea-
surements, have sufficient accuracy in measuring hearing aids 
to fulfill the purposes of electro-acoustic evaluation, as 
set forth in the beginning of this paper. 
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' OVER THE EAR AIDS 
Frequency KHz 
.315 .5 .? .9 * 1.25 1.6 2.0 2.5 B& B& B& B& B& B& - .B& .B& 
K F K F K F K F K F K F K F K F 
85 85 91 90 99 99 104 103 98 98 102 102 100 100 103 104 
79 81 81 84 88 89 94 99 93 93 93 92 100 100 98 97 
81 74 83 85 99 97 102 102 99 99 101 101 104 105 103 105 
62 68 74 75 92 90 96 99 96 97 93 94 97 98 97 101 
85 83 88 86 92 92 100 99 94 93 92 91 97 99 96 97 
85 85 91 87 90 92 95 97 100 99 94 93 96 97 104 104 
86 81 88 87 92 93 9? 98 97 98 96 97 95 97 96 99 
69 69 81 83 93 93 101 101 101 102 102 101 102 103 95 97 
75 73 89 86 91 89 97 97 98 96 96 95 101 105 105 106 
73 72 87 86 90 89 96 96 99 99 98 . 98 106 108 105 106 
85 79 92 93 100 99 102 102 100 99 100 100 102 104 101 102 
*1 kHz omitted because gain control of hearing aids was 
adjusted to lOOdB at this frequency . 
3.15 4 
.B& .B& 
K F K F 
104 105 98 100 
99 96 83 80 
107 109 105 107 
97 98 82 82 
98 95 93 92 
103 104 94 92 
90 91 87 89 
101 101 91 90 
101 99 93 90 
99 99 93 89 
101 102 92 92 
1\) 
--:1 
til BODY AIDS 
~ 
0 
~ Frequency KHz c1" 
'2 
c1" 
.315 .? .9 * 1.25 1.6 2 0 2 5 3.15 4 • Ol B& B& B& B& B& B& B& B& B& B& til 
a K F K F K F K F K F K F K F K F K F K F 
m ( 12) 
til Acousticon 95 93 95 94 96 96 99 99 101 101 95 95 100 102 100 101 99 97 85 86 ~ (\~) 94 96 96 98 89 85 ('!) Acousticon 93 95 95 99 99 99 99 95 95 101 97 97 97 97 p. (14-) 
o' Dana vox 86 86 92 96 95 99 98 100 101 102 100 99 101 102 102 103 106 105 92 97 ~ 
~ 
(IS) 
86 86 88 93 92 97 98 107 107 102 100 101 99 101 99 84 88 71 75 Fidelity 95 
uc:.) 
Ol Fonix 89 89 92 95 95 96 98 99 10'4 104 108 107 101 101 96 96 96 96 70 73 a · (17) 
73 73 84 86 98 105 105 102 98 104 103 88 80 84 
"%j Omnitone 91 93 97 100 102 92 
0 (18) 
t:S Norelco 77 77 87 89 90 91 95 96 99 102 94 95 97 102 97 100 83 86 77 79 .... 
>4 (t,) 
• Norelco 81 82 93 92 94 93 98 97 105 106 101 99 101 105 106 105 89 90 80 80 
(2of Zen th 88 85 92 90 94 93 98 98 104 106 103 108 102 109 104 113 106 110 94 93 
('211 94 91 96 95 97 97 100 99 102 101 101 99 107 106 112 112 110 112 106 109 Zen th 
* k z mi te becaus ga n c tr 1 0 hea~ing ai s w s 
adjusted to 100dB at this frequency. 
N 
co 
• 
(J) 
~ 
t'1 
EYE GLASS AIDS 
~ 
Cll 
9 Frequency KHz <D 
~ 
Cll 
.315 .5 .7 .9 * 1.25 1.6 2.0 2.5 3.15 4 fi 
m B& B& B& B& B& B& B& B& B& B& p. K F K F K F K F K F K F K F K F K F K F 
~ (-z~) 86 89 90 90 93 92 98 97 107 107 103 101 101 102 103 105 104 103 94 94 Acousticon 
~ C%?.) 85 83 87 86 96 96 94 98 86 X Audiovox 93 92 102 102 95 95 93 97 97 97 92 
§ (;l4) 87 87 98 104 106 98 96 Qualitone 71 71 79 79 95 97 98 97 97 102 99 101 99 p. 
~ (2.S) 76 81 81 88 86 96 94 86 87 86 86 95 94 96 96 86 88 0 Qualitone 77 95 100 ~ ('2-6) ... 74 94 98 96 96 82 >< · Sonotone 77 90 90 91 97 100 99 97 103 99 95 99 99 77 
• ('2. ;) 
Sonotone 80 77 85 88 91 92 97 98 96 96 95 95 101 102 103 102 96 95 86 88 
(2.8) 
74 68 88 87 98 102 104 94 Sonotone 91 90 97 102 102 103 102 102 103 102 103 93 
(2q) 
Zenith 76 81 90 90 96 95 93 93 102 101 111 108 109 109 99 97 93 94 81 87 
(30) 
74 96 104 Zenith 78 87 91 98 93 94 99 95 107 111 107 102 101 89 90 86 87 
*1 kH o it ed bee use gai co tro of hea 1 aid wa 
adjusted to 100dB at thi s frequency . 
30 
AIDS USED IN THE EXPERIMENT 
SERIAL 
AID MODEL NUMBER 
Body Aids • 
Acousticon A770 113361 
Acousticon A770 113344 
Dana vox 727 07949 
Fidelity P360 333097 
Fonix H1101 11.54 
Omnitone 112 3213848 
Norelco 812 20441 
Norelco 8122 10230 
Zenith Vocalizer III 2.570.5 
Zenith Award 8.53.5381 
Over the Ear Aids 
Lehr Omnitone 3261470 
Maico Marr 100 87361 
Norelco KL6730 97714 
Otarian Tonette 41639C 
Oticon .56.5 52 10797 Qualitone SWH 98.56 Qualitone TSP .5809 
Siemens SL 8449479 
Sonotone 77 176345 
Sonotone 77 176615 
Vi con 133T 18224 
Eye Glass Aids 
Acousticon 1001 442723 
Audiovox 111 20.597 Qualitone TSPNB 4870 X4870 Qualitone SNEC Y7449 
Sonotone 35X .5224B 
Sonotone 405 30.507 
Sonotone 405 1397.5 
Zenith CROS 8810932 
Zenith BICROS 8647 88061.51 
